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ABSTRACT 

The e f f e c t s  of s o l a r  a c t i v i t y  and magnetic storm, and 

D i f -  a r t i f i c i a l  f a c t o r s  (atomic explosions) a r e  examined. 

ferences i n  r ad ia t ion  dosages and composition a r e  compared 

i n  many f l i g h t s  with varying parameters, as a r e  readings 

from various on-kaard apparatus. Tissue doses of 

cosmonauts under varying conditions a r e  compared. 
\ severa l  

During the  f l i g h t s  of Soviet Vostok-type spacecraf t ,  t h e  cosmonauts 

a r e  exposed t o  t h e  f f e c t s  of primary cosmic r ad ia t ion  (PCR) and r ad ia t ion  from 

t h e  E a r t h ' s  r ad ia t ion  b e l t s .  

d i a t i o n  of t h e  s h i p ' s  crew by corpuscular r ad ia t ion  connected with s o l a r  f l a r e s .  

Radiation conditions on t h e  f l i g h t  paths of Vostok-type spacecraf t  were f i r s t  

i nves t iga t ed  i n  d e t a i l  during the  f l i g h t s  of t he  second and t h i r d  Soviet  o r b i t a l  

spacecraf t  (refs. 1, 2 ) .  

/&* 

There also e x i s t s  a d e f i n i t e  p robab i l i t y  of irra- 

1 
Report presented a t  t h e  5 th  In te rna t iona l  Symposium on Space Research (COSPAR) , 

Florence, 1964. 

*Numbers given i n  t h e  margin ind ica te  t h e  pagination i n  the  o r i g i n a l  fore ign  

t e x t .  
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It has been es tab l i shed  t h a t  fo r  f l i g h t s  on an o r b i t  inc l ined  a t  650 a t  

a l t i t u d e s  of 200 t o  300 km, t h e  dose in s ide  t h e  sh ip  does not exceed 8 m a d l 2 4  

h r s  i n  the  absence of r ad ia t ion  connected with s o l a r  f l a r e s .  Radiation reach- 

ing  t h e  s h i p ' s  i n t e r i o r  i s  made up o f :  ( a )  charged p a r t i c l e s  of cosmic o r i g i n  

(both primary and secondary), amounting t o  80 percent o f  t h e  dose; ( b )  y- 

r ad ia t ion  accompanying these  charged p a r t i c l e s  and bremstrahlung generated i n  

t h e  sk in  of t h e  spacecraft  by e lec t rons  from t h e  E a r t h ' s  r ad ia t ion  b e l t s ,  15 

percent of t h e  dose; and ( c )  protons from t h e  inner  r ad ia t ion  b e l t ,  about 5 

percent of t he  dose. 

The b io log ica l  equivalent of t h i s  dose a t  t h e  h ighes t  estimate does not 

exceed 50 mber/24 h r s ,  a value qui te  within permissible l i m i t s .  

It i s  f o r  t h i s  reason t h a t  on the subsequent f l i g h t s  of t he  4th and 5 t h  

o r b i t a l  spacecraf t  and t h e  Vostok-1 and Vostok-2 spacecraf t ,  only dose con t ro l  

measurements by means of ind iv idua l  dosimeters were made, t h e  da ta  being 

processed on re turn  t o  t h e  Earth. The doses measured i n  the  course of these  

f l i g h t s  agreed with d a t a  obtained e a r l i e r  (refs.  3 and 4 ) .  

O n  l a t e r  f l i g h t s  of longer duration by Vostok-type spacecraf t ,  it became 

necessary t o  introduce on-board monitoring equipment capable of recording & 
t h e  level  of r ad ia t ion  in s ide  the  cosmonaut's cabin and repor t ing  it t e l eme t r i -  

c a l l y  t o  Earth.  

t h e  p r o b a b i l i t y  of dangerous rad ia t ion  due t o  solar f l a r e s  (averaging 7 percent/  

week f o r  years f a l l i n g  between s o l a r  a c t i v i t y  maximums and minimums) became 

g r e a t e r .  Thus, t h i s  r ad ia t ion  monitoring equipment was bas i ca l ly  designed t o  

record  solar f l a r e  emissions and t o t a l  dose. I n  addi t ion ,  the  equipment w a s  

t o  t r ansmi t  cont ro l  s igna l s  when t o t a l  doses were reached which endangeried t h e  

h e a l t h  of t h e  cosmonaut. 

A s  t h e  duration of f l i g h t  along such t r a j e c t o r i e s  increased, 
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The dosimetric equipment cons is t s  of a sensor ( a  gas discharge counter f o r  

nuclear r ad ia t ion )  and a memory c i r c u i t .  

of t o t a l  dose information from 1 m a d  t o  100 rad .  This provides a bas i s  f o r  an  

emergency landing decision i n  case of dangerous increases  i n  the  l e v e l  of r a d i -  

a t i o n  i n s i d e  the  spacecraft .  

Solar  a c t i v i t y  w a s  followed by a team of observers p r i o r  t o  and during t h e  

f l i g h t s  of t he  Vostok-3, Vostok-4, Vostok-5 and Vostok-6 spacecraf t .  This team 

received d a t a  from various po in t s  of the  Soviet Union where continuous o p t i c a l ,  

magnetic, and rad io  observations of the sun were performed a t  as t rophys ica l  ob- 

s e r v a t o r i e s  and so la r  physics s t a t i o n  . I n  addi t ion ,  a t  a number of s t a t i o n s  

d i r e c t  observations on r ad ia t ion  i n t e n s i t y  i n  t h e  upper atmosphere were conduct- 

ed by space radiosondes. These observations provided information on t h e  pene- 

t r a t i o n  of corpuscular r ad ia t ion  connected with s o l a r  f l a r e s  i n t o  given mag- 

n e t i c  l a t i t u d e s .  All information f rom the  s o l a r  a c t i v i t y  observation team and 

from t h e  on-baord monitoring equipment was fed  t o  a s c i e n t i f i c  coordination 

cen te r  where it was processed. This information made it poss ib le  t o  make deci-  

s ions  on conducting t h e  f l i g h t  and i t s  subsequent program. 

The memory permits t h e  accumulation 

Not long before t h e  f l i g h t  of the Vostok-3 and Vostok-4 spacecraf t  on 

9 J u l y  1962, t h e  United S t a t e s  conducted a h igh -a l t i t ude  thermonuclear explosion 

i n  t h e  a rea  of t he  Johnston I s l and  i n  t h e  P a c i f i c  Ocean. The a r t i f i c i a l  rad ia-  

t i o n  b e l t  formed as a r e s u l t  of t h i s  explosion l e d  t o  an increase  i n  r ad ia t ion  

i n t e n s i t y  i n  space, including a l t i t u d e s  around 300 km, e spec ia l ly  i n  t h e  region 

of  t h e  Braz i l ian  magnetic anomaly. A t  t h e  s ta r t  of August 1962, t he  immediate 

es t imates  of  t he  r a d i a t i o n  l e v e l  on the  suggested f l i g h t  pa th  of the  Vostok-3 

and Vostok-4 spacecraf t  were contradictory.  Therefore, r ad ia t ion  conditions a t  

t h e  above-mentioned a l t i t u d e s  were measured d i r e c t l y .  On 28 J u l y  1962 t h e  
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Kosmos-7 s a t e l l i t e  was placed in to  an o r b i t  with an inc l ina t ion  of 6 5 O ,  an 

apogee of 369 km and a perigee of 210 km ( r e f .  5 ) .  

obtained from de tec tors  i n s t a l l e d  on t h i s  s a t e l l i t e  indicated t h a t  during the  

f l i g h t ,  rad ia t ion  i n t e n s i t y  subs tan t ia l ly  exceeded the  "background" values 

which had been determined from the  second and t h i r d  spacecraf t  ( r e f s .  1 and 2) 

and from Kosmos-4 sa te l l i t e .  

the second and t h i r d  spacecraf t  averaged 2.1 impulse*cm2.sec and the  maximum 

counting r a t e  of t h i s  de tec tor  did not exceed 30-35 impulse-cm2.sec. 

Analysis of information 

Thus, the counting r a t e  of t h e  STS-5 counter on 

According t o  data  from the  STS-5 de tec tor  on Kosmos-7, t h e  average count- 

ing r a t e  w a s  7 impulse-crn2'sec and i n  severa l  regions a t t a ined  250 impulse. 

cm -set. According t o  our data ,  the absorbed dose r a t e  i n s ide  t h e  second 

spacecraf t  w a s  3 mrad/24 h r s  a t  t h e  equator and about 40 mrad/24 h r s  i n  t he  

v i c i n i t y  of t h e  Braz i l ian  and South Atlant ic  anomalies 

dose rate of approximately 8.5 mrad/24 h r s ) .  The average dose r a t e  on the  

Kosmos-7 s a t e l l i t e  w a s  55 mrad/24 hrs, increasing t o  1 . 2  rad/24 h r s  i n  the  

v i c i n i t y  of t h e  Braz i l ian  anomaly. (Data on the  comparative dose r a t e s  were 

extrapolated tak ing  the  difference i n  de tec tor  screening i n t o  account. ) 

ent ly ,  i n  t he  f i rs t  week a f t e r  t h e  nuclear explosion of 9 J u l y  1962, these 

values were considerably l a r g e r ,  since the  average decay r a t e  of t he  a r t i f i c i a l  

b e l t  a t  t he  indicated a l t i t u d e s  w a s  on t he  order of days (except f o r  t he  imme- 

d i a t e  v i c i n i t y  of the Braz i l ian  anomaly, where t h e  in jec ted  p a r t i c l e s  had a 

longer l i f e t i m e ) .  The planned f l i g h t  a l t i t u d e  of Vostok-3 and Vostok-4 was 

lower  than t h a t  of t h e  Kosmos-7 s a t e l l i t e  (apogee of 235 km ins tead  of 369 k m ) .  

Therefore, regardless  of t he  increased rad ia t ion  r a t e  i n  space due t o  formation 

of t he  a r t i f i c i a l  r ad ia t ion  b e l t ,  the group f l i g h t  of cosmonauts A G. Nikolayev 

and P. R .  Popovich was safe  with respect t o  rad ia t ion ,  provided t h a t  no l a rge  

f lare of so l a r  cosmic rays occurred during the  f l i g h t .  

2 

(with an average 

Appar- 
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b e . . 

On 11 August 1962, the  Vostok-3 w a s  orbi ted with a perigee of  180 km and an 

The o rb i t  was inclined a t  an angle of 65' from t h e  equator ia l  apogee of 235 km. 

plane. 

Figure 1 shows t h e  increase of absorbed dose during the f l i g h t s  of  the Vostok-3 

and Vostok-4. The increase i n  t o t a l  dose with time w a s  i den t i ca l  f o r  t he  

Vostok-3 and Vostok-4. 

The Vostok-4 was orbi ted on 12 August 1962 with the  same parameters. 

The average counting r a t e  of the detector  on the Vostok-3 

was 2.64-10 5 impulse.cm2*sec per 24 hrs (a  dose of 17 mrad/24 h r s ) ;  the  same 

absorbed dose r a t e  value w a s  obtained from the  Vostok-4. The t o t a l  absorbed 

dose received during the  f l i g h t  w a s  67 t i s s u e  mrad f o r  A. G .  Nikolayev, and 50 

t i s sue  mrad fo r  P. R .  Popovich. 

If the  r e l a t i v e  biological  effectiveness (RBE) of radiat ion components 

making up the  t o t a l  dose i s  estimated, then, based on maximum values (an RBE of  

7 f o r  PCR and an RBE of 1 f o r  other  types of radiat ion)  t he  dose rate f o r  these 

f l i g h t s  expressed i n  biological  equivalent roentgens i s  30 mber/24 hrs ,  and the  

doses received by A. G. Nikolayev and P. R .  Popovich during t h e  e n t i r e  f l i g h t  

were 120 and 90 mber, respectively.  

t o  the heal th  of the  cosmonauts. 

Such rad ia t ion  l eve l s  a r e  not dangerous 

/43 
The Vostok-5 and Vostok-6 spacecraft were orbi ted as a r t i f i c i a l  ear th  s a t e l -  

l i t e s  on 1 4  and 16 June 1963. 

173 km; Vostok-6 had an apogee of 231 km and a perigee of 181 km. 

were incl ined a t  an angle of 6 5 O  from the  equator ia l  plane. 

e t r i c  monitoring device was ident ica l  with t h a t  used on Vostok-3 and Vostok-4. 

Vostok-5 had an apogee of 222 km and a perigee of 

Their o r b i t s  

The on-board dosim- 

The f l i g h t s  of Vostok-5 and Vostok-6 took place under r e l a t ive ly  quiet  

s o l a r  and geomagnetic conditions. Immediately p r io r  t o  the  f l i g h t ,  from 10 t o  

1 3  June, t he  colar  magnetic f i e l d  configurations became more complicated, some 

increase w a s  observed i n  radio noise i n  t h e  centimeter band, and the  sudden 

5 
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11 Aug 1 2  Aug 1 3  Aug 1 4  Aug 
Moscow t i m e  

Figure 1. Cumulative absorbed dose i n  the Vostok-3 
and Vostok-4 spacecraft during f l i g h t .  

Time, hr  s 

Figure 2. P lo t  of readings from on-board dosimeters 
during the  f i rs t  70 hours of f l i g h t  of the  Vostok-5 
and Vostok-6. 

onset of a small magnetic storm w a s  recorded. A l l  of these circumstances ind i -  

cated the  poss ib i l i t y  of t he  appearance of a solar  f l a r e .  However, the  f l a r e  

of a power of approximately 2 b a l l s ,  observed on 12 June, was not accompanied 

by the  appearance of any noticeable quantity of solar protons i n  circumterres- 

trial space. 

f i r s t  '70 hours of f l i g h t .  

and on Vostok-6 by the  s o l i d  c i r c l e s .  

w a s  counted from t he  same t i m e .  Both groups of points  a r e  consis tent ly  c lose 

t o  one s t r a igh t  l i n e  corresponding t o  t he  measured dose r a t e  of 8 mrad/24 h r s .  

Some decrease of t he  dose rate f o r  Vostok-5 and Vostok-6 from the  dose r a t e  

Figure 2 shows readings of the on-board dosimeters during the  

Data f o r  Vostok-5 a re  indicated by the  l i g h t  c i r c l e s  

Fl ight  duration f o r  the two vehicles 
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for the Vostok-3 and Vostok-4 indicates an essential decrease in the effect of 

the artificial radiation belt at altitudes of 200 to 300 km. 

Evaluation of the tissue doses received by the cosmonauts during this 

flight gives the following values: 50 mrad for V. F Bykovskiy and 30 mrad vor 

V. V. Tereshkova. 

These dose values are a l s o  safe for cosmonauts. 

In Conclusion, it should be noted that Vostok type spacecraft were de- 

signed with cabin shielding 

cosmic radiation and affording considerable protection against radiation from 

the artificial radiation belt. In addition, in case of a sharp deterioration 

of radiation conditions, the cosmonauts were provided with special radioprotec- 

t ive, chemical agents for protection against the radiation effects. 

sufficient to prevent penetration by a part of 
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